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Abstract 
Percentage body fat is the only factor reflects the relative body composition. This search aimed to study the 
growth score of Iraqi children and its relation to percentage body fat. A total of 107 healthy children (53 girls 
and 54 boys), aged 2-12 y, were included in the present study. There were no significant differences between 
girls and boys in body mass index (p ˃0.05) while a significant differences (p<0.05) were observed in protein, 
bone mineral content, body water, and free fat mass (p<0.001). The growth score ranged (0-98) with mean 
(45.54 ±24.96) for girls, and (1-94) with mean (55.61 ±25.37) for boys. Percentage body fat was significantly 
and positively correlated with body mass index and inversely with growth score in each sex group .While a non 
significant correlation was found between body mass index and growth score. We conclude that percentage body 
fat is a stronger tool than body mass index to follow the growth score and subsequently the health of children. 
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1. Introduction  
Normal growth indicates the state of health and good nutrition for children, which represents changes in height, 
weight, and head circumference[1]. There are a set of graphs which they can assess the growth of children and 
the early detection of deviations pathological (eggs, poor weight gain due to a metabolic disorder, short stature 
due to illness inflammation of the intestine) and can prevent unnecessary evaluation of children with normal 
variations in acceptable growth[2,3]. Body composition is one of the growth measurements that defined as the 
quantity of fat, muscle, and bone in the body. It is generally expressed as either a percentage of fat or as a 
percentage of lean mass[4].Those with a higher proportion of fat-free mass to a lower proportion of body fat 
have a healthy body composition[5]. Body fat includes essential body fat and storage body fat where essential 
body fat is necessary to maintain life and reproductive functions [6], while storage body fat is part of which 
protects internal organs in the chest and abdomen [7]. Since the body fat percentage ( %BF) is a measure of 
fitness level, it is the only body measurement which directly calculates a person's relative body composition 
without regard to height or weight[7]. Body Mass Index (BMI) is widely used as an index of body fatness; 
however it is a measure of weight relative to height rather than of adiposity [8,9]. BMI in childhood changes 
extraordinarily with age, where at birth the median is as low as 13 kg/m
2
, increases to 17 kg/m
2
 at age 1, and 
decreases to 15.5 kg/m
2
 at age 6, then increases to 21 kg/m
2
 at age 20[10,11]. The overweight in children differs 
from that in adults because they are in a state of growth and usually there is a difference between boys and girls 
in the rate of growth .The growth charts use a child's BMI, age, and sex to produce a BMI percentile [12].The 
aim of this study is to assess the association between body fat and the level growth in children of Iraqi 
population aged (2,12) year 
 
2. Subject and Methods The study included 107 subjects,53 girls and 54 boys with an age range from 2 to 12 
years. Subjects were healthy at the time of investigation and had no chronic or acute illnesses. Information on 
total body composition was available for these subjects by body composition analysis (In Body230 
Kr/Biospace) .Height was measured to the nearest mm with a wall-mounted stadiometer, and weight was 
measured on electronic scales to the nearest 0.1 kg with subjects wearing light clothing and no shoes.BMI is be 
calculated directly as weight (in kilograms)/[height (in meters)]
2
, compared to reference data, and made the basis 
for important decisions regarding the child's health[13]. Overweight and obese group was identified as BMI 
≥85
th
 percentile and normal group was indicated between 5
th
 and 85
th
 percentile for age and sex [14]. The 
equations proposed by Slaughter et al. for children were used to calculate the percentage of body fat (%BF)[15]. 
Based on these data, fat mass was calculated by %BF×weight. The fat-free mass was calculated by subtracting 
the fat mass from the weight. Basal metabolic rate(BMR) was estimated using the Schofield Equation[17], and 
the growth score was determined using growth chart depended on BMI of child and age, sex[17]. Total body 
water (TBW) was estimated using Mellits-Cheek equation for children [18] as following: Boys TBW= -
1.927+0.465x weight + 0.045x height (height˂132.7cm) 
Boys TBW = -21.993+0.406x weight+ 0.209x height (height˃132.7cm) 
Girls TBW= 0.076+0.507x weight + 0.013x height (height˂110.8cm)  
Girls TBW = -10.313+0.252x weight+ 0.154 height (height˃110.8cm)                                 
Body protein was calculated using bioelectrical impedance analysis (BIA) equation[19] 
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SM mass (kg)=[(Ht
2
/R×0.401)+(gender×3.825)+(age×-0.071)]+5.102
 
 
Where Ht is height in centimetres; R is BIA resistance in ohms; for gender, boy = 1 and girl = 0; and age is in 
years. 
Bone mineral content (BMC) was calculated by subtracting the total water and protein values from the fat 
free mass.  
 
3. Statistical Analysis 
The statistical analyses were performed using SPSS version 15.0 software (SPSS, Chicago, IL, USA). The 
results are expressed as mean ± standard deviation (SD) . Pearson’s correlation coefficient was used to verify 
correlations between the growth and other parameters of body composition. The results were considered 
statistically significant at p<0.05. 
 
4. Results 
The characteristics of the study population are presented in Table1. The boys tended to be slightly, but not 
significantly, taller (p ˃0.05) and heavier (p ˃0.05) than were the girls and tended to have slightly, but not 
significantly, less body percentage fat (%) (p ˃0.05) than did the girls. There were no significant differences 
between girls and boys in BMI(p ˃0.05) while a significant differences (p<0.05) were observed in protein, bone 
mineral content and body water.  
Table 1. Descriptive Statistics of Body composition for the Study Population by Gender . 
 
Variable 
 
Girls (n = 53) 
 
 
Boys (n = 54) 
 
P  Value 
Age (year) 5.61 ± 2.37 6.2 ± 2.72 ˃0.05 
Height (cm) 102.47 ± 18.37 108.27 ± 20.67 ˃0.05 
Weight (kg) 19.05 ± 8.44 22.37 ± 11.18 ˃0.05 
Body Mass Index (kg/m
2
) 17.30 ± 2.54 17.39 ± 4.79 ˃0.05 
Percentage Body Fat (%) 31.13 ± 7.53 29.37± 7.88      ˃0.05 
Protein(kg) 2.56 ± 0.97 3.01 ± 1.28 ˂0.05 
Bone Mineral Content (kg) 0.93 ± 0.38 1.19 ± .818      ˂0.05 
Total body water (kg) 9.74 ± 3.67 11.53 ± 4.67 ˂0.05 
Basal Metabolic Rate (kcal)        656.09 ± 108.09 705.05 ± 137.92 ˂0.05 
The fat mass and free fat mass of the both groups are presented in Figure1. The girls tended to be slightly, but 
not significantly, more fat mass (p ˃0.05) than were the boys. While a highly significant increase in free fat 
mass(p<0.001) was observed in boys than the girls. 
 
       Figure 1.The study analysis of Fat mass (1),Free fat mass(2),and Weight(3) for boys and girls. 
The obesity degree of the study population  by gender are presented in Figure 2.The results indicated that 29% of 
the girls and 23% of the boys tended to have obesity. While 27% of the girls and 17% of the boys have under  
the normal range.   
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Figure 2.The Obesity Degree Of The Population Study By Gender 
The growth score of the study population by gender are presented in Figure 3. The results indicated that  the 
growth score ranged (0-98)with mean (45.54 ±24.96) for girls, and (1-94)with mean (55.61 ±25.37) for boys.  
The correlations of BF% and BMI with age, growth score  and body composition variables by gender are 
presented in Table2. BF% was significantly and positively correlated  with BMI and inversely with growth score 
in each sex group . BMI was significantly and positively correlated with all of the variables in boy group except 
height , bone mineral content, and growth score ,while in girl group BMI was significantly and positively 
correlated with all of the variables except height , age ,and growth score  .  
 
 
Figure3.The Growth Score Of The Study Population By Gender 
 
Table2.The correlations of BF% and BMI with age, growth score and body composition variables by gender. 
Sex Girl Boy 
 
Variable 
BF% BMI BF% BMI 
r p r p r p r p 
Age (year) -0.031 0.826 0.176 0.209 -0.134 0.334 0.310 0.022 
Height (cm) 0.109 0.437 0.270 0.051 -0.161 0.244 0.199 0.150 
Weight (kg) 0.261 0.059 0.576 0.000 0.332 0.014 0.743 0.000 
Body Mass Index (kg/m
2
) 0.792 0.000 1  0.622 0.000 1  
Percentage Body Fat (%) 1  0.792 0.000 1  0.622 0.000 
Protein(kg) 0.049 0.726 0.513 0.000 -0.024 0.864 0.513 0.000 
Bone Mineral Content (kg) 0.058  0.681 0.430 0.001 0.018  0.896 0.201 0.145 
Total body water (kg) 0.072 0.608 0.473 0.000 0.001 0.992 0.518 0.000 
Basal Metabolic Rate (kcal)       0.069 0.624 0.469 0.000 -.006 0.963 0.508 0.000 
Growth score -0.326 0.017 -0.034 0.808 -0.636 0.000 -0.327 0.016 
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5. Discussion 
Growth score are the most important components of the children because normal growth patterns are the gold 
standard by which clinicians assess the health and well-being of children
 
[17]. It was found from this present 
study that growth score of both boys and girls were low which may be due to poor socioeconomic. Body 
composition is one of the growth measurement .The results of these composition for the group as a whole, 
indicated that the growth score correlation inversely with BF% not with BMI. BMI has probably become the 
most common indicator used to assess overweight and obesity in a wide variety of settings, including clinical, 
public health, and community-based programs
 
[20]. Obesity is an increasing problem not only in adults but also 
in children
 
[21,22]. Obesity is define according to the American Academy of Pediatrics and Centers for Disease 
Control and Prevention as a body mass index (BMI) ≥ 95th percentile based on age and sex, and overweight as a 
BMI ≥ 85th to 94th percentiles in patients 2 to 20 years of age
 
[23]. The obesity degree of the girls in the present 
study was more than the boys, and this in agreement with the results obtained by Bingham ,et al who found that 
the prevalence of obesity was greater in girls than in boys[24]. Although the prevalence of childhood obesity, as 
determined by BMI has tripled over the last 3 decades, this index is a measure of excess weight rather than 
excess body fatness [25]. Few studies have examined the relationship between BMI and the fat-free component 
of body weight in healthy children [26-28]. While other studies have emphasized the relationship of BMI to fat 
mass or %BF [29-31]. Highly significant correlation was found in the present study between BMI 
and %BF .This result was agreement with previous studies were high correlations have been reported between 
BMI and both total body fat and percentage of body fat (%BF) during childhood
 
[32,33]. Fat free mass can be 
further broken down into three components comprised of body water, protein, and mineral. The ratios of these 
components are considered to be constant. The present study indicated a significant differences between boys 
and girls in protein, BMC, and TBW .Also It were observed a significant positive correlation of %BF with 
protein in girls ,while a significant inversely correlation of %BF with protein in boys. 
Basal metabolic rate varies from person to person and increases with the amount of muscle tissue. Age, gender, 
weight, and physical activity directly effect on basal metabolic rate. A non significant correlation of %BF with 
BMR of the girls group was observed while a significant inversely correlation was observed in boys group. This 
results somewhat agreement with previous study which included that BMR increases from infancy to adulthood 
and then decreases with old age possibly due to changes in the thyroid hormone concentration or fat free mass
 
[34]. 
 
6. Conclusion 
It conclude from this research that the decline in the growth rate for both sexes of the children is the result of the 
high level of fat and this shows that diet approach is unhealthy and wrong and this requires awareness of cultural 
on how correct that lead to reduce fat and increase growth, such as eating fruits and exercise. 
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